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I .  PURPOSE 


This  report  covers  the  design  and  structural  requirements  of  a  thinwall 
lightweight  field  and  mobile  shelter  capable  of  transport  by  truck,  cargo, 
3/4  ton,  4x4,  M-37,  and  by  fixed  or  rotary  wing  aircraft. 


Request  for  Quotation  for  research  and  development  of  two  (2)  lightweight 
thinwall  field  and  mobile  shelters  was  received  by  the  Aerospace  Division  of 
Twin  Industries  Corporation,  Buffalo,  New  York,  from  the  Signal  Corps  Procure- 
ment  Agency.  The  shelter  to  be  designed  and  tested  to  meet  the  requirements 
of  a  shelter  of  less  weight  and  more  structural  durability  as  a  replacement 
for  the  S- 153  and  S-144  type  shelters  which  were  at  that  time  operational. 


The  nomenclature  S-318()/G  Shelter  electrical  Equipment  was  assigned  to  tihe 
new  design.  The  physical  appearance  of  the  S-318  is  illustrated  on  Enclosure 

i 

#1-1.  \ 


Preliminary  conferences  which  subsequently  resulted  in  preliminary  ideas  and 
designs  were  submitted  to  the  Signal  Corps  for  evaluation  and  comment.  With 
past  experience  in  design  and  development  in  the  shelter  industry,  Twin 
Industries  was  able  to  submit  a  workable  plan  at  reasonable  costs.  As  a 
result,  in  dune  of  1962  Twin  Industries  received  a  purchase  order  for  resenreh 
and  development  of  a  lightweight  thinwall  field  and  mobile  shelter, 

A  mooting  of  Twin  Industries  Engineering  personnel  and  representatives  of  the 
Government  was  arranged  to  discuss  design  requirements  of  this  shelter  in 
detail.  Comparisons  were  made  to  its  counterpart,  the  S- 153  and  S-144  shelter, 
as  an  aid  in  accomplishing  the  desired  ond  product.  Accordingly,  TVin  engineers 
started  preliminary  designing  and  testing  to  properly  evaluate  and  so  loot 
materials  that  would  conform  to  the  rigid  requirements  of  the  S-318  concept. 
Subsequently,  preliminary  design  engineering  was  concluded  and  released  to 


* 


applicable  fn-nlnnt  departments  for  analytical  review  relative  to  required 
processes,  methods,  procurement,  mai. "factoring  and  quality  assurance. 

The  Planning  Department  established  method  procedures  and  manufacturing 
operations.  Time  estimates  were  initiated  to  establish  schedules  covering 
procurement, detai 1  fabrication  and  assembly. 

Procurement  Department  reviewed  engineering  data  to  confirm  material  require¬ 
ments  based  on  type,  size  and  quantity.  Priority  rating  was  established  on 
purchased  items  of  a  special  nature  where  long  lead  time  became  apparent. 

Quality  Assurance  was  advised  through  the  media  of  released  engineering  data 
of  the  specifications  governing  all  phases  of  the  project.  Paw  stock ,  pur- 
chased  parts  and  various  items  requiring  certification  were  closely  inspected 
to  insure  conformance  to  specifications  and  drawings  as  applicable.  Quality 
Assurance  was  also  responsible  for  all  phases  of  tests  necessary  to  establish 
that  all  materials  conformed  to  the  requirements  ns  sot  forth.  Test  reports 
were  maintained  for  record  purposes  and  any  subsequent  review  necessary.  All 
materials,  purchased  parts,  fabricated  parts  or  otherwise  were  inspected  and 
approved  prior  to  release  to  manufacturing  departments.-  The  manufacturing 
departments  had  been  alerted  through  the  media  of  conferences  and  preliminary 
engineering  information .  Materials  for  detail  fabrication,  .sub-assembly  nud 
major  assembly  had  been  previously  procured  through  similar  media.  Detail 
fabrication  and  assembly  was  controlled  through  process  planning  operations 
and  by  Quality  assurance  procedures. 

At  this  point,  liaison  engineering  was  utilised  to  coordinate  fabrication 
activities  with  engineering  drawings  and  changes.  It  vns  the  responsibility 
of  the. lingineo ring  Department  to  carefully  chock  and  approve  the  final  stages 
of  fabrication  of  all  parts.  Drawings  were  kept  up-to-date,  whereby  rcflcct- 
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in"  any  and  all  changes  that  were  necessary  i o  correct  on,!  attait  ‘ro  desired 
result*  - 

With  the  fabrication  process  completed,  the  parts  were  again  chet  rh  in¬ 
equality  Control  for  conformance  to  drawings  as  well  as  to  standard  acceptable 
manufacturing  procedures,  before  final  assembly  or  installation.  All  parts 
were  then  installed  and  assembled  to-  drawing  requirements.  liaison  engineer¬ 
ing  was  present  to  correct  any  area  that  was  mis -matched  or  disc- vpant.  The 
drawings  were  than  up-dated  before  finalization  for  release  to  tbe  Signal  Corps. 

With  the  shelter  completely  assembled  and  painted.  Quality  Control  inspected 
the  completed  item,  checking  all  exterior  and  interior  dimensions  for  correct 
fit,  hardware,  and  final  weight,  to  insure  the  shelter  was  L.  conformance  to 
the  requirements  set  forth. 

The  shelter  was  readied  for  shipment  to  its  destination  by  whatever  mode  of 
transportation  acceptable  to  the  Signal  Corns. 

engineering  prepared  a  running  set  of  drawings  to  the  Signal  unys  for  cboei ing, 
revisions,  comments,  and/or  acceptance.  Any  check  prints  return  . I  for  additions 
deletions,  etc.,  were  forwarded  to  the  hnginocring  Department,  The  revivors 
were  incorporated  and  a  final  submission  was  made. 

All  tests  were  conducted  by  the  procuring  agency.  The  second  shelter  fabrica¬ 
tion  was  delayed,  pending  the  test  results  of  the  first  shelter. 

In  January  of  11)63,  the  S-31!>  Shelter  Program  was  transferred  to  win  industries 
Corporation,  Snocial  Products  Division,  Sayre,  Pennsylvania.  At  tins  time  , 
request  for  redesign  of  the  sitcom'  r- 318  Shelter,  which  was  eln-  t  fud  as  ■  »> 
Advanced  Procurement  Model  <1,  was  received  by  the  Special  Products  Division  of 
TVtin  Industries  Corporation.  The  Statement,  of  Work  included  re-design,  fnbrico- 
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tion  and  tests.  The  same  phases  of  operation  applied  to  this  procurement 

of  the  contract  as  did  the  first  procurement,  with  one  major  exception. 

* 

Quality  Control,  in  addition  to  its  other  re-  onsibi litics,  was  to  initiate 
First  Article  Test  Procedures  to  insure  all  requirements  set  forth  in  the 
applicable  specifications  and  requirements  were  met.  They  established 
scheduling  of  many  tests  and  test  faci lities , whether  within  the  facility 
of  Twin  Industries  or  subcontracted  to  another  facility  capable  of  meeting 
the  test  requirements.  The  completed  shelter  was  tested  in  accordance  with 
all  requirements  set  forth  by  the  Signal  Corps.  All  tests  were  witnessed  by 
a  Government  representative  and  were  certified  as  complying  to  the  require¬ 
ments  set  forth.  Failures  were  rejected,  the  discrepancy  noted,  repaired/ 
approved  in  preparation  for  a  re-test. 
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II.  ABSTPACT 

The  receipt  of  the  purchase  order  in  June  of  1962  initiated  the  basic 
design,  planning,  material  purchase,  quality  control,  and  manufacturing 
of  a  tliinwall,  lightweight  field  and  mobile  shelter  capable  of  being 
transported  by  a  M-37  truck  and  by  fixed  or  rotary  wing  aircraft. 

The  design  and  manufacture  of  the  shelter  began  in  June  of  1962  and 
proceeded  through  its  scheduled  phases  of  construction  to  May  of  1963. 
During  its  initial  design  stages,  many  problems  arose  in  material 
selection  and  performance  tests.  Forming  and  spot  welding  of  material 
to  be  used  was,  and  still  is,  very  critical.  Holding  the  weight  to  the 
required  300  pounds  was  an  impossibility  due  to  skin  splices,  doubler 
strips,  excessive  adhesive,  sealer,  and  paint,  and  door  hardware  weight 
increase,  all  of  which  were  not  anticipated  at  the  beginning  of  the 
contract.  The  shock  mounts  design,  although  workable,  created  problems 
which  had  to  be  contended  with.  With  all  unforeseen  problem  areas,  a 
great  amount  of  time  was  consumed  than  originally  expected.  Material 
procurement  delays  added  to  the  continual  daily  problems  encountered. 

The  sheet  stock  in  particular  was  continually  unavailable.  When  the 
shelter  was  completed,  it  was  submitted  to  the  Signal  Corps  for  evaluation 
and  testing.  Twin  Industries  representatives  were  not  present  for  any  of 
the  tests  conducted.  The  tosts  wero  conducted  by  the  Hquipmcnt  evaluation 
Branch  of  the  Equipment  Bi vision  in  August  of  1963.  At  the  completion  of 
the  tests,  it  was  the  opinion  of  the  testing  laboratories  that  the  shelter 
did  not  meet  the  roqui remonts  sot  forth  by  the  Covcrnmcnt . 

The  following  January,  1964,  nn  order  was  received  for  the  re-design  and 


manufacture  of  the  second  S-318  Shelter.  The  shelter  was  re-designed 
using  additional  strength  in  the  areas  of  failure  resulting  from  the 
Signal  Corps  tests.  Design  changes'  acceptable  to  the  Signal  Corps 
Agency  were  incorporated. 

At  this  time,  Quality  Control  assumed  responsibility  for  conducting  and 
scheduling  of  the  required  tests.  The  S-318  Shelter,  with  one  heavily 
damaged  wall  resulting  from  vehicle  and  railroad  transportation  tests, 
was  removed  from  test  schedule  and  repaired.  The  repair  was  unacceptable 
to  the  Signal  Corps  Agency;  therefore,  a  new  wall  had  to  be  fabricated 
before  tests  continued.  The  shelter  again,  as  an  original  fabrication, 
had  to  be  re-tested  to  the  schedule  of  the  Government.  Unon  completion 
and  acceptance,  the  shelter  was  shipped  and  the  drawings  completed  for 
final  submission.  Through  design  and  fabrication  of  two  (2)  S-318  Shelters, 
changes  which  will  improve  the  shelter  arc  still  being  processed,  tested, 
and  investigated.  Since  the  development  stages  of  this  new  shelter  to 
the  present  time,  thirty  (30)  production  units  have  been  made,  four  (4) 
of  which  were  modified.  The  end  result  is  a  shelter  of  a  more  substantial 
structure,  meeting  all  the  requirements  of  the  original  specification  with 
the  exception  of  target  weight  which  had  inercasod  from  300  pounds  to 
415  pounds. 
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June  Id  62 

representatives  of  the  Twin  Industries  Corporation  an J-iJu;  Signal  corps 
Agency  met  at  Fort  Monmouth  to  discuss  the  lightweight  ,  iliinwall  s'-  J ter 
design  program.  Twin  Industries  was  informed  that,  ;  a  .an  aid  in  ? ir 
required  design,  test  reports  for  the  S-153  Shelter  would  i>c  furnished, 
which  at  that  time  was  undergoing  tests. 

The  RFI  shielding  problem  was  mentioned  that,  although  the  final  tests  wore 
to  be  conducted  at  Fort  Monmouth,  it  may  be  possible  that  preliminary  tests 
could  be  performed  at  Twin  Industries  by  Signal  Corps  personnel  with,  in- 
expense  to.  Twin  Industries,  The  Signal  Corps  Agency  stated  that  al  l  thermal 
barrier  applications  could  be  placed  where  Twin  Industries  decided  it  would 
be  best  and  where  it  was  compatible  with  the  design.  Submission  of  the 
designs  and  stress  analysis  was  mentioned  as  items  to  be  supplied  to  the 
Signal  Corps.  Mention  was  modo  that  the  design  goal  of  three  hundred  (300) 
pounds  be  accomplished  and,  at  the  samo  time,  l»c  of  the  host  possible  design. 

November  1962 

Representatives  of  Twin  Industries  Corporation  again  met  with  representatives 
of  the  Signal  Corps  Agency  at  Fort  Monmouth,  Design  points  of  the  lightweight, 
thinwall  shelter  woro  discussod.  The  longitudinal  mombors  in  the  coiling  and 
floor  were  not  what  the  Signal  Corps  exported}  however,  the  Signal  Corps 
stated  thoy  would  investigate  the  situation  further  to  establish  if  it  would 
bo  acceptable,  The  Signal  Corps  also  requested  further  investigation  of  the 
shock  skid.  They  woro  pleased  with  tho  attenuation  figures,  but  expressed 


concern  over  the  height.  The  SCI.  specification  called  for  a  height  of  2" 

and  our  proposed  skid  with  no  load,  had  a  2.6"  height.  The  reason  Tor  the 

critical  height  requirement  was  to  insure  that  the  shelter  when  mounted  on 
an  M-57  truck  and  loaded  aboard  an  aircraft,  the  overall  height  requirement 
Would  not  be  tight.  At  this  time,  examination  of  the  S-153  whi ch  had  under¬ 
gone  tests  was  possible.  It  was  noted  by  Twin  Industries  representative 
that  a  member  in  the  wall  had  collapsed  with  the  first  test  and  with  cadi 

succeeding  test  increased  the  amount  of  buckling,  etc.  The  lifting  eye, 

when  tested,  failed  completely  and  had  been  pulled  off  the  shelter.  After 
viewing  these  discrepant  areas  on  the  S-153,  Twin  Industries  was  able  to 
incorporate  and  increase  the  structure  to  avoid  similar  problems. 

Normally,  loose  equipment  and  lifting  slings  should  be  considered  as  part 
of  the  shelter  weight,  but  in  the  contract  these  items  would  not  be  considered 
part  of  the  weight.  Request  was  made  that  one  lifting  eye  casting  ns  used  on 
Twin  Industries  S-144  Shelter  be  forwarded  for  evaluation.  In  regard  to  RI'I 
shielding,  it  was  suggested  Twin  Industries  contact  hmerson  and  Cuming  in 
regard  to  Eccoshield  which  is  a  room  cure  sealer  that  has  a  high  conductivity . 
The  product  had  been  investigated  by  the  Signal  Corps  RF  group  and  found  to 
be  one  of  the  best  materials  available, 


IV.  FACTUM.  DATA 

PART  til 

Request  for  Quotation  for  research  and  development  of  two  (2)  lightweight, 
thinwall  field  and  mobile  she  Iters  was  received  from  the  Signal  Corps 
Procurement  Office  by  the  Aerospace  Division  of  Twin  Industries  Corporation, 
Buffalo,  New  York.  As  a  direct  result  of  design  and  cost  analysis,  a  purchase 
order  was  received  shortly  thereafter. 

Preliminary  conferences  held  at  Fort  Monmouth,  New  Jersey,  established  in 
detail  exactly  what  was  to  be  expected  from  this  new  shelter.  As  an  aid  only, 
comparisons  were  made  to  the  S-153  and  S-144  Shelters,  both  of  which  were 
operational  at  the  time.  It  was  the  intention  of  the  Signal  Corps  to  have 
developed,  a  S-318Q/G  Shelter  to  replace  both  the  S-153  and  S-144,  both  of 
which  were  larger  and  weighed  too  much  for  the  applications  desired  hy  the 
Government. 

The  new  configuration  is  light  in  weight,  compact  and  structurally  strong. 
Enclosure  *1-1  indicates  the  proposed  shape  and  size  of  the  S-318  Shelter, 

Statement  of  Work  for  the  research  and  development  of  the  S-318  consisted  of: 
Services  and  materials  for  a  scheduled  eighteen  (18)  months  and  a  design  plan 
to  conform  to  dimensions  ns  indicotod  on  Enclosure  //l-l  .  Aluminum  structural 

membors  were  to  be  incorporated  os  follows: 

a.  At  all  comers 

b.  Adincont  to  the  door 

c.  All  locations  as  shown  on  linclosuro  *1-1 

The  shelter  shall  be  completely  of  sandwich  construction  with  aluminum  skids 
riveted  or  woldod  to  tho  outer  fncos  of  tho  structural  inembora  and  riveted  or 
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bonded  to  the  inner  faces.  If  rivets  are  employed  on  the  inner  skins,  they 
shall  be  countersunk.  Trim  angles  may  be  employed  on  interior  corners,  but 
shall  be  fiush  with  the  inner  skins.  All  spaces  between  inner  and  outer 
surfaces  of  walls,  roof  and  floor  shall  be  filled  with  foam-type  core  material, 
bonded  in  place.  There  shall  be  a  minimum  number  of  bent  conduct  in;1  paths 
from  inside;  the  shelter  to  the  outside.  To  this  end,  there  shall  ho  insulat¬ 
ing  strips  between  the  inner  skins  and  all  structural  members. 

The  roof  shall  be  designed  to  support  a  snow  load  and  ice  load  of  forty  (40) 
pounds  per  square  foot  and  shall  he  capable  oi  being  walked  on  by  military 
personnel  wearing  heavy  field  shoes.  The  roof  shall  l>c  ..capable  of  with  stand  ini 
the  impact  of  the  lifting  sling  dropping  on  it  from  its  fully  extended  height. 
The  roof  shall  contain  one  (1)  spring  loaded  hand  hold  located  one  ( 1)  foot, 
from  the  roof  edge  centered  on  the  folding  steps. 

The  shelter  shall  be  equipped  with  two  (2)  doors,  one  within  the  other  which 
shall  be  centrally  located  in  the  rear  wall.  The  smaller  section  shall  he 
capable  of  being  opened  without  dropping  the  tailgate  of  the  transporting 
vehicle  when  the  shelter  is  mounted  in  a  Cargo  Truck  M  37,  Both  sections  of 
the  door  shall  open  outward,  and  shall  include  provisions  for  holding  the 
doors  at  the  100  degree  position.  Poor  latches  of  the  dead  bolt  type  shall 
be  provided  and  both  sections  shall  have  simultaneous  latching  at  three  (3) 
points,  Tito  door  lotchos  shall  be  simple  and  easy  to  operate  under  all 
conditions,  but  shall  prohibit  accidental  opening  when  the  shelter  is  being 
transported  or  roughly  handled  in  any  manner.  The  door  shall  have  complete 
gasketing  adequate  to  moot  climatic  conditions  and  flotation  requirements. 

Each  door  shall  bo  sufficiently  strong  to  support  ISO  pounds  applied  at  the. 
maximum  distance  from  the  hingo  lino.  The  door  locks  shall  ho  contained  in 
the  door  handles  and  shall  bo  rolonsablo  from  the  inside  without  the  use  of 


a  key.  Locks  and  keys  shall  be  coded  11700,  f 

'  3j 

-  ''  ...  :1 

The  shelter  shall  be  quipped  with  four  (4)  lifting  eyes,  one  at  each  upper 

corner,  for  hoisting  the  loaded  shelter  with  cranes,  for  helicopter  pick-up  • 

and  transport,  and  to  tie  down  the  shelter  in  a  M  37  Truck.  The  inside  ) 

clearance  of  each  lifting  eye  shall  he  three  (3)  inches.  The  lifting  eyes 

shall  not  protrude  on  the  sides  or  the  top  of  the  shelter.  The  lifting  eye 

assembly  shall  be  attached  by  bolts  to  permit  replacement  without  damaging 

the  shelter.  i 

-  .  '  j». 

Two  (2)  skids,  two  (2)  incites  in  height,  shall  be  mounted  longitudinal  on 
the  undersurface  of  the  shelter.  These  skids  shall  permit  the  shelter,  with 
a  full  payload,  to  be  towed  for  limited  distances  over  rough  terrain.  The 
design  of  the  skids  shall  be  compatible  with  the  loading  requirements  of 
the  C— 119  Aircraft  and  M  37  Truck.  These  skids  shall  be  compatible  in  design 
with  the  requirements  for  towing  eyes.  The  skids  shall  exert  bearing  pressures 
no  greater  than  6  psi  when  the  shelter  is  loaded  with  a  1200  pound  payload  and 
resting  on  a  level  surface.  The  skids  shall  be  capable  of  supporting  the 
entire  weight  of  the  loaded  shelter  at  any  point  along  their  longth  when  the 
shelter  is  balanced  on  a  two-inch  diameter  pipe  placed  undor  the  skids.  The 
skids  shall  be  attached  to  the  shelter  by  bolts  to  permit  replacement  without 
damaging  the  shelter. 

Two  (2)  towing  eyes  shall  be  providod  on  oach  ond  of  the  shelter.  They  shall 
be  attached  to  the  shelter  itself  (not  to  tho  skids)  and  shall  be  conveniently 
located  for  towing  the  sholter  over  rough  torrnin  and  for  loading  and  unloading  !| 


from  a  Typo  C- 119  Aircraft  and  Typo  M  37  Truck.  Inside  diameter  of  the  eyes 
shall  be  1-1/2  inchos,  The  towing  oyes  shall  not  protrudo  on  tho  sides  or 
bottom  of  the  shelter.  The  towing  oye  assembly  shall  he  attached  by  holts  to 


permit  replacement  without  damage  to  the  shelter. 

Two  (2)  recessed  folding  steps  to  provide  access  to  the  roof  shall  be  in¬ 
stalled  at  the  right  rear  corner  above  the  tailgate.  They  shall  be 
Eberhard  Part  No.  1-575709  as  manufactured  by  Eberhard  Manufacturing  Co. , 
or  equal.  The  steps  shall  withstand  a  load  of  400  pounds  applied  to  the 
outer  section. 

The  wall  and  floor  structural  members  shall  be  capable  of  serving  as  supports 
for  the  equipment  installed  in  the  shelter.  Their  design  shall  be  such  that 
5/16  inch  diameter  steel  rivnuts,  or  equal,  serving  ns  the  attachment  points 
for  the  equipment,  can  be  installed  in  them  on  the  inner  wall  and  floor  and 
such  that  they  can  withstand  the  dynamic  loads  imposed  on  them  thVough  the 
rivnuts.  Their  section  thickness,  plus  heat  barriers  and  inner  skin  thick¬ 
ness,  shall  be  such  that  one  grip  length  rivnut  can  be  utilised  throughout 
the  shelter. 

A  combination  lift  and  tic-down  assembly  shall  be  provided  for  lifting  the 
shelter  and  for  tieing  it  down  in  a  M-37  Truck. 

Hardware  for  the  shelter,  consisting  of  such  items  as  door  handles,  shall  he 
operablo  by  personnel  wearing  artic-typo  gloves.  The  largo  mittoued  hand  is 
defined  as  the  human  hand  size  extended  1/2  inch  in  nil  directions.  All 
locks,  latches,  hinges,  as  woll  os  other  hardware  used  in  the  construction 
of  the  shelter,  shall  be  treated  to  prevent  corrosion. 

The  shelter  shall  be  given  a  protective  finish.  This  includes  finish  of 
hardware  such  as  hsndles,  hinges,  screws,  etc.,  and  necessary  touch-up  after 
mounting.  The  final  paint  film  on  exterior  surfaces  and  the  door  interior 
shall  be  semi-gloss  ensmel,  color  CD. 
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The  interior  surfaces  shall  be  light  green  semi-gloss  enamel,  except  for 
the  floor  which  shall  be  lusterless  ocean  gray. 

Wherever  practicable,  parts  and  assemblies  shall  be  so  mounted  that  identi¬ 
fication  markings  will  be  readily  visible  with  minimum  dts-assembly  of  the 
equipment.  A  data  plate  reflecting  requirements  for  air  transportation 
shall  be  provided.  The  shelter  shall  also  be  provided  with  a  nameplate. 
Wall  floor  and  roof  mounting  members  shall  be  properly  identified  with 
markings  on  the  interior  walls  of  the  shelter  in  order  to  provide  location 
information  for  mounting  equipment. 

dased  on  the  requirements  as  indicated  under  Statement  of  Work,  Article  1, 

of  the  governing  contract  the  following  shall  be  submitted: 

One  (1)  Preliminary  Test  Model 

One  (1)  lingineering  Test  Model 

One  (1)  Set  of  Preliminary  Manufacturers  Drawings 

(Non-Reproducible  Type)  covori ng  Preliminary 
Test  Model 

Qno  (1)  Set  of  Manufacturers  Drawings 

(Reproducible  typo)  covering  lingineering 
Test  Model 

Monthly  Reports  and  Final  Report 


Investigations  and  tests  wero  proposed  to  establish  suitable  materials  which 
would  meet  requirements  sot  forth. 

'  >■'  i 

■  A .  . 

Sandwich  panel  samples  were  fabricated  and  ponol  bow  tests  wore  conducted 
using  a  variety  of  foam  core  and  density.  (See  Enclosure  I  IV-1  ) 
Styrofoam  2-pound  density  was  selected  due  to  its  grooter  comprossability, 
load  carrying  advantagoa  which  is  required  bocauao  of  thin  skin  material 
and  to  keap  the  weight  to  a  minimum. 


—  - Ifrr  j/  rtj 
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Sample  strips  of  aluminum  alloy  were  made  and  spotwelded  together  as  shown 
on  Enclosure  #  1V-2  ,  Alloy  7075-T6  Alclnd  was  selected  because  of  its 

high  strength  physical  properties. 

Extensive  research  had  been  initiated  into  the  development  of  a  shock  skid 
which  would  meet  the  critical  requirements  set  forth.  These  requirements 
are:  Material  which  would  absorb  shock,  have  excellent  load-bearing  capacity, 
deflectior v  and  100%  reset.  Urethane  elastomers  were  selected  to  meet  these 
requirements.  Size,  shape  and  durometer  had  to  be  determined  before  tests 
could  be  scheduled. 

A  preliminary  weight  analysis  was  established.  (Sec  Enclosure  »  1 V- 3  ) 

At  this  time,  total  estimated  weight  was  approximately  298.6  pounds; 
approximately  1.4  pounds  under  the  requested  300  pounds. 

A  preliminary  stress  analysis  was  forwarded  for  evnluotion  and  comments, 

(See  Enclosure  # IV-4  )  This  analysis  depicted  specified  loads  on  the 
roof,  floor,  end  panels  and  spocial  consideration  to  the  cantilevered  shelf 
assembly,  which  absorbs  a  great  deal  of  the  applied  loads  of  the  equipment 
that  may  be  mounted  on  tho  seat. 

From  June  until  August  of  1962,  preliminary  designs  and  tests  were  continually 
being  advanced.  On  Soptobber  1,  1962,  the  first  of  a  preliminary  set  of 
drawings  consisting  of  the  completed  sholter  assembly,  details  of  the  walls, 
door,  and  skids,  was  submitted  by  TVin  Industries  Corporation  to  the  Signal  Corps 
for  review  and  consent.  The  scheduled  delivery  of  the  first  unit  could  not  bo 
net,  resulting  in  the  Government  granting  an  extension  to  January  31,  1963. 

In  October  of  1962,  the  following  information  rosultod  in  extensive  Investiga¬ 
tion  and  research  of  a  shock  design: 


A  molded  urethane  elastic  tube  (Dunlop  trade  name  "Duthane")  enclosed  in 
a  telescoping  skid  channel  indicated  good  promise  for  acceptable  shock  re¬ 
duction  at  reasonable  weight  and  production  cost. 

Lightweight  shelter  requirements  specify  two  (2)  skids  along  the  74"  shelter 
length.  Allowing  2"  for  ram}")  slope  at  each  skid  end,  we  arrived  at  an 
effective  length  of  140"  of  shock  absorbing  tube  for  the  shelter. 

The  requirements  further  specify  a  shelter  empty  weight  of  300  pounds  maximum, 
plus  a  payload  of  1200  pounds,  totaling  1500  pounds.  The  result  is  a  static 
load  of  10.7  pounds  per  linear  inch  of  shock  absorbing  tube. 

In  the  skid  samples  made  for  static  and  dynamic  tests,  molded  Duthane  tubing, 

96  durometer  (Shore  A),  2.5  inches  outside  diameter,  .25"  wall  thickness, 
molded  in  12"  lengths,  were  used.  This  tube,  whon  placed  lengthwise  in  the 
skid,  necessitates  a  2.5"  square  cross  section  of  the  skid  channel  in  the 
static  load  position.  Sample  #1  of  Enclosure  d  IV-6  shows  the  tube  so 
arranged.  Static  test  cure,  Enclosure  #  IV- 7  shows  satisfactory  load  and 
deflection  values  for  such  a  skid,  llowcvor,  requirements  specify  a  skid 
height  of  2",  The  width  of  skid  is  not  given,  but  scaling  of  Signal  Corps 
drawing  indicated  a  width  of  3"  was  desired.  We  noted  it  was  not  advisable 
to  place  a  2.5"  diameter  tube  in  a  2  x  3  inch  channel,  and  recommondod  the 
use  of  a  2.5"  square  skid  channel  or  place  a  tube  of  2"  diameter  across  the 
skid  channel  as  approximately  shown  in  Samplo  #2  of  Enclosure  »  IV-fi  . 

Static  test  results,  dopicted  in  Enclosure  *  IV-7  .  shows  that  for  tubing 
of  equal  diameter  and  total  length,  a  loss  of  50%  of  load  bearing  capacity 
results  when  a  tube  is  placed  across  tho  skid  contorlino.  It  was  noted  if  n 
2,5"  skid  height  was  not  acceptable,  experimentation  with  a  2"  diameter  tube 
placed  either  along  the  skid  centerline  in  twin  foshion  or  across  tho  centoriinr 
was  to  be  applied. 
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Two  (2)  pieces  of  test  Sample  #1  (See  Enclosure  #  IV-6  )  were  drop  tested 
to  determine  the  amount  of  deflection  and  general  performance.  The  tost 
result  is  shown  on  Enclosure  Recorded  values  are  for  the  corner 

wh’  ch  indicated  the  most  skid  deflection  on  an  average  of  two  (2)  drops  per 
each  drop  height.  Dis-assembly  and  inspection  of  the  samples  on  completion 
of  36  drops  disclosed  no  damage  except  for  a  slight  galling  of  the  rubbing  I 

surfaces  of  the  aluminum  channels.  This  condition  is  undesirable  because  it 
slows  recovery  to  full  skid  height  after  impact.  Teflon  spraying  of  rubbing 
surfaces  or  formica  rubbing  strips  will  correct  this  condition. 

To  assure  continued  progress,  the  following  action  was  required: 

Procure  four  (4)  channels  of  impact  measuring  equipment. 

Obtain  a  fulllj'set  of  basic  drop  test  data  on  a  S-144 
Shelter  loaded  to  1500  pounds. 

Produce  one  (1)  apt  of  shock  skids,  with  provision  for 
drop  test  with  Duthane  tube  in  either  the  "in  line"  or 
"across"  direction. 

$ 

Repeat  basic  drop  tests  on  a  S- 144  Shelter  loaded  to  1500 
pounds  with  one  (l)  set  of  shock  skids  with  provision  for 
test  with  Duthane  tube  in1' either  the  "in  line"  or  "across" 
direction. 

Conduct  tests  on  a  2  x  3  inch % skid  cross  section  if  a 
2,5  x  2.5  inch  skid  is  not  acceptable. 

In  December* of  1962,  review  of  Twin  Industries'  design  was  approved  by  the 
Signal  Corps  with  exception  to  the  longitudinal  structural  which  could  bo 
utilized  providing  additional  testing  could  substantiate  that  the  design 
would  stand  U|>  under  loads  required  by  the  racks  in  tho  shelter. 

'  \ 

Skids  were  approved  with  exception  to  the  height,  2-inch  hoight  was  again 

1 1 

stated  as  a  rigid  requirement.  In  addition,  drain  holes  wero  to  bo  added  to 
relieve  water  that  could  be  trapped  during  fording  tests, 

i 

In  December  of  1962,  procurement  of  materials  and  fabrication  began.  At  this  . 


time,  it  was  obvious  that  the  delivery  date  of  .January  31,  1963,  could  not 
be  met.  An  extension  to  March  13,  1963,  was  requested.  The  request  was 
granted  on  January  9,  1963. 

In  January  of  1963,  material  such  as  extrusions  and  premium  sheet,  which 
have  a  long  lead  time  on  delivery,  were  not  being  received.  In  addition, 
a  definite  date  of  receipt  could  not  be  given. 

It  was  noted  engineering  completion  depends  on  procurement  and  fabrication. 
Without  final  fabrication  and  assembly  it  is  impossible  for  Engineering  to 
release  finalized  drawings  as  they  are  dependent  upon  conformity  between 
the  finished  product  and  completed  engineering  data. 

At  this  time,  another  extension  was  requested  due  to  unexpected  delays  in 
raw  material  procurement.  The  request  was  granted  by  the  Signal  Corps, 
extending  the  date  to  April  12,  1965. 

Prior  to  the  above  date,  most  delays  and  problems  were  primarily  due  to 
procurement  of  material.  In  April  of  1963,  difficulties  in  bonding  were 
encountered,  making  delivery  impossible.  One  panel  which  had  been  fabricated 
was  unsuitable  for  actual  use  on  the  shelter;  therefore,  another  had  to  be 
fabricated.  The  rejected  panel  was  used  for  static  load  tests.  (Sec 
Enclosure  »  IV- 9  ).  As  this  was  construed  os  n  technical  difficulty,  which 
does  not  warrant  an  extension  in  delivery,  it  was  Twin  Industries'  responsi¬ 
bility  to  state  that  this  type  of  construction  wns  now  and  required  complotc 
research  and  development.  It  was  not  possible  to  accurately  predict  all 
potential  problem  areas.  As  an  example,  the  amount  of  research  and  develop¬ 
ment  work  which  was  done  on  the  shock  skills  alone  was  over  and  above  contractual 
requirements.  It  was  the  aim  of  Twin  Industries  to  construct  a  shelter  which 
would  favorably  pass  all  test  requirements  and  be  ncceptnclc  to  the  specified- 


tions  and  standards  of  the  Signal  Corps  Agency,  To  accomplish  this,  additional 
effort  and  expenditures  by  Twin  Industries  was  to  be  expected.  At  this  point, 
random  thoughts  for  improvements  were  also  being  noted,  which  included: 

Floor  and  Step-Wall  Assembly  -  This  part  takes  most  of  the  drop  test  abuse. 

Skin  and  structure  must  match  perfectly  before  spotwclding  because  load  must 
be  taken  by  both  at  the  same  time.  Our  present  design  (all  types)  calls  for 
a  brake-formed  outer  skin  and  internal  structure  welded  at  the  corners.  Since 
such  details  cannot  be  made  to  zero  tolerances  to  get  the  perfect  match  neces¬ 
sary  to  take  the  load,  the  skin  will  wrinkle  along  edges  and  comers  on  impact. 
Production  adjustment  must  be  provided  to  obtain  the  necessary  match. 

Spot  Welding  -  Sound  spots  of  adequate  diameter  and  proper  spacing  are  an 
absolute  necessity,  In  addition,  the  flatness  of  a  thin  gage  skin  must  not 
be  destroyed  in  spot  welding.  The  spot  welding  on  this  shelter  is  very  unsatis¬ 
factory  as  evidenced  by  the  many  spots  which  "popped"  during  shelter  assembly 
and  had  to  be  repaired  with  rivets.  This  item  may  cause  serious  trouble  on 
test.  Up-dating  of  spotwcld  equipment  and  procedure,  and  stricter  quality 
control,  is  necessary. 

Panel  Bond  Assemblies  -  Uniform  wall  thickness,  straightness,  flatness  and 
adhesive  soundness  is  important  on  any  shelter  panel  and  most  important  on 
lightweight  construction,  A  panol  with  .016  skin  cannot  be  assembled  in  the 
same  manner  as  one  with  a  .040  skin.  The  following  points  should  ho  adhered  to: 

a.  Skins  must  be  flat.  Dents,  wrinkles,  bulges  and  oil  cans 
must  not  be  tolerated. 

b.  Internal  details,  such  ns  foam  core,  structural  mombors,  and 
insulating  strips,  must  be  of  matching  uniform  thickness, 

c.  Foam  cores  must  fill  their  respective  nrens  compPtoly,  if 
thoy  do  not,  adhesive  will  fill  the  void,  adding  t  ’icessive 
woight . 

d.  Adhesive  must  be  appliod  only  to  the  surfaces  to  be  bonded, 

Adhosive  must  bo  appliod  to  form  a  film  of  even  thickness, 
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c.  Flat  oiul  rigid  overlay  plates  must  be  used  when  bonding  panels 
with  skin  of  less  than  .032  thickness.  Stepped  structures, 
such  as  the  floor  and  shelf  assembly,  require  a  rigid  and 
accurate  form  to  nest  the  outer  skin. 

f.  Framed  openings  for  doors,  windows,  etc.  must  be  held  to  size 
and  location  with  braces  or  plates. 

g.  bonding  pressure  must  be  applied  evenly  over  the  entire  area 
of  overlay  plates.  If  vacuum  is  used,  it  must  be  prevented 
from  getting  between  skins  and  overlays. 


Skin  Splices  -  Skin  splices  cannot  be  avoided  on  most  shelters,  especially 
on  skins  which  come  in  comparatively  small  sheet  sir.cn  only.  A  good  splice 
must  be  strong,  tight ,  light,  practical  to  make,  and  neat  in  appearance. 
Spotwelded  overlap,  used  on  this  job,  is  not  adequate.  The  "folded  scam" 
approach  should  be  investigated. 

Foam  Core  Data  -  Foam  core  data  is  far  too  meager,  unreliable  and  spread  over 
too  many  pieces  of  advertising  literature  to  be  of  much  use  to  the  designer. 
The  laboratory  should  re-test  the  characteristics  given  by  foam  manufacturers 
for  some  of  the  most  common  types  used,  and  issue  one  composite  data  sheet 
for  ready  use. 


Rivets  -  The  shear  strength  of  a  riveted  joint  is  weakened  when  a  thin  gage 
skin  is  deformed  during  the  process  of  making  the  rivet  head.  This  is 
especially  true  when  the  design  calls  for  a  rivet  head  to  be  made  on  the  side 
of  the  thin  sheet  such  as  joining  the  outer  skin  (.016)  to  tho  cndbnml  (.125), 
A  drill  will  not  give  a  hole  of  satisfactory  diameter  and  roundness  in  light 
gage  sheet,  necessitating  tho  use  of  drill-reamer  combination  tools  on  light¬ 
weight  construction.  In  addition,  it  is  necessary  to  spotweld  doubler  strips 
along  thin  gage  skin  edges  which  are  to  ho  riveted. 

Throadod  Blind  Inserts  -  A  rivnut  will  provide  adequate  holding  power  and 
torque  resistance  when  it  is  installed  in  solid  metal  in  accordance  with  in- 


-11- 


V 


* 


stal lotion  instructions.  However,  when  installed  in  a  sandwich  structure, 
the  holding  power  is  marginal  or  inadequate  when  standard  installation 
instructions  are  used  insofar  as  drill  size  and  grip  length  is  concerned. 

A  drill  which  produces  a  satisfactory  hole  in  solid  metal  will  produce  a 
sloppy  hole  in  a  sandwich  structure.  During  installation  of  the  insert 
in  such  a  hole,  the  rivnut  will  first  expand  to  fill  the  hole  and  the 
remaining  length  will  he  too  short  to  form  a  head  of  adequate  diameter  and 
flatness . 

Since  the  severity  of  the  above  condition  is  in  direct  proportion  to  the 
softness  of  the  plywood  strip  and  thinness  of  skin,  the  hole  size  (not  drill 
size)  am!  grip  length  of  a  rivnut  should  be  stated  on  each  drawing.  In 
drilling,  insert  holes  through  sandwich  structures,  a  combination  drill-reamer 
tool  should  again  be  considered. 

The  merits  of  inserts  other  than  rivnuts  must  continue  to  be  investigated. 
Shur-l.ok  fasteners  Company  representatives  have  an  experimental  insert 
(Sl-81  series)  with  a  knife  thread  on  its  outer  diameter.  This  insert  can 
be  screwed  into  the  undersize  hole  of  a  sandwich  structure  similar  te  a 
self-tapping  screw.  Their  test:  report  shows  a  pull-out  power  of  ?(<('(),  2 70(' 
and  2 BOO  pounds  on  a  typical  shelter  sandwich  structure. 

Southco  Fasteners  Company  representatives  have  also  submit  tod  experimental 
inserts  for  test. 

It  was  expressed  at  this  time  that  it  would  he  worthwhile  to  encourage  their 
efforts  by  duplicate  testing  and  evaluation. 

Incorporation  of  improvements  as  suggested  would  result  in  a  better  and  more 
economical  product. 


The  first  shelter  was  completed  and  shipped  to  the  Signal  Corps  on 
May  2,  1963,  On  May  3,  1963  one  (1)  set  of  preliminary  manufacturing 
drawings  were  submitted.  It  was  the  responsibility  of  the  Signal  Corps 
to  test  and  evaluate  the  shelter  construction.  During  these  tests, 

Twin  Industries'  personnel  were  not  present.  The  tests  were  conducted 
from  May  to  August  of  1963  by  the  Signal  Corps  equipment  evaluation 
Brandi.  Results  of  tests  conducted  by  the  Signal  Corps  were  indicated 
on  the  enclosed  liPT  Data  Sheets  (enclosure  #  IV-11  )  submitted  by  the 

equipment  evaluation  Branch  to  TVin  Industries  Corporation  upon  request. 

Also  forwarded  were  photographs  of  failing  areas  resulting,  from  railroad  > 
humping  tests. 

It  should  be  noted  that  prior  to  completion  of  tho  lightweight  shelter, 
a  weight  comparison  analysis  was  made,  as  were  contor  of  gravities.  Our 
weight  analysis  indicated  a  weight  empty  of  323,4  pounds,  including  18  pounds 
excess  for  shock  skids  and  5.4  pounds  excess  for  longitudinal  lint  sections. 
Both  of  these  items  wore  not  a  part  of  the  original  300-pound  ostimnte. 

As  shown  on  enclosure  «  IV- 10  ,  the  actual  weight  is  342  pounds,  or  18.6 

pounds  over  the  calculated  analysis,  The  additional  weight  was  duo  to  a 
combination  of  the  following: 

a.  Increase  in  side  panel  skin  thickness  because  desired 
thickness  was  not  readily  available, 

b.  Skin  splices  wore  necessary  because  shoots  of  sufficient 
size  wore  not  readily  nvnilablo, 

c.  Stress  analysis  indicated  tho  need  for  doubler  strips  along 
some  of  tho  thin  gage  skin  edges  to  give  moro  hold  to  rivets. 

d.  Door  hingos  and  lntchos  weigh  moro  than  catalog  wcig.hts. 
o.  The  use  of  adhesive,  senior  and  pnint  was  excessive. 


The  hoist  sling,  pnyload  mounting  rails  and  dummy  nay  load  was  not  included 
m  the  shelter  weight. 


The  Lightweight  Shelter  Status  as  of  May  22,  1963  was  as  follows: 

a.  Test  Shelter  No.  1  and  one  (1)  set  of  preliminary  manufactur¬ 
ing  drawings  was  shipped  to  Fort  Monmouth  May  3,  1965. 

b.  Signal  Corps  estimated  120  days  to  test  Shelter  No.  1. 

Twin  Industries  was  to  provide  test  assistance  as  re¬ 
quested  and  eliminate  possible  failures  by  rc-dcsign  and 
repair  until  tests  were  successfully  completed.  As  of  the 
date  of  the  status,  Twin  Industries  received  no  request 
for  test  assistance. 

c.  Upon  acceptance  of  Shelter  No.  1,  Twin  Industries  was  to 
make  a  set  of  final  manufacturing  drawings  and  produce 
Shelter  No.  2  to  those  drawings.  Shelter  No.  2  was  also 
to  be  tested  at  Fort  Monmouth.  Signal  Corps  estimated  a 
30-day  test  period.  Twin  Industries  was  also  to  provide 
test  assistance  as  requested,  and  make  re-designs  and  repairs 
as  necessary.  Upon  completion,  Twin  Industries  was  to  furnish 
a  complete  up-to-date  set  of  manufacturing  drawings. 

d.  Twin  Industries  was  to  furnish  nine  (9)  progress  reports  and 
one  (1)  final  report.  Four  (4)  progress  reports  were  sub¬ 
mitted,  and  the  remainder  were  not  required. 

e.  The  number  and  spread  of  engineering  hours  required  to 
complete  the  program  depended  upon  the  success  and  duration 
of  the  test  program  controlled  by  the  Signal  Corps.  Ihc 
following  is  a  rough  engineering  hour  estimate  depending  on 


the  above  conditions: 

1,  Shelter  No.  1  Tcstjliaison,  Re-design,  Repair  240  hrs. 

2,  Final  Manufacturing  Drawings  200  hrs. 

3,  Shelter  No,  2  Manufacturing  Liaison  80  hrs. 

4,  Shelter  No.  2  Tost  Liaison,  Re-design,  Repair  120  hrs. 

5,  Up-date  Final  Manufacturing  Drawings  80  hrs. 

6,  Prcpnro  Reports  60  hrs. 

TOTAL  7R0  hrs. 
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Fig.  1  AREA  SHOW  I NG  THREE  WELD  POINTS  IN  SHELTER  ROOF  OPENED  AS  RESULT  OF 

R.R.  HUMPING  TEST  WITH  SHELTER  SECURED  IN  LATERAL  POSITION  ON  FLATCAR. 


Fig,  ?  DAMACE  AREA  NEAR  ROOF  ANGLE  OF  SHELIIR.  SHri  TER  SECURED  IN 
LATERAL  POSITION  ON  FLATCAR  FOR  R.R.  HUMPING  TES1 . 
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I* 


Fig.  3 


Fig.  4 


DAMAGE  AREAS  "l"  AND  "2"  AS  RESULT  OF  R.R.  HUMPING  TEST.  SHELTER 
POSITIONED  LATERALLY  ON  FLATCAR.  SHELTER  ORIENTED  WITH  LEFT  SIDE 
FACING  IMPACTING  FORCE  FOR  AREA  "1”  DAMAGE,  AND  AREA  "2"  FOR  RIGHT 
SIDE  FACING  IMPACTING  FORCE. 


ENURCED  VIEW  OT  I  Ci«r  '  SHOW  If.:  DAMAGE  TO  WELD  POINTS'  ON  LEFT 
REAR  OF  SHELTER. 


pLDARmiJD,kA?EJ  T0P  0F  SHELTER  LARGE  door  widened  as  result  or 

K.K,  HUMPING  TEST. 


DAMAGE  TO  SHELTER  FRONT  END,  AREAS  ''l”  AND  AS  RESULT  01  R  R 
HLWPINC  TEST  WITH  SHELTER  POSITIONED  LATERALLY  ON  FLATCAR. 
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pcs  and  modi fi cat  ions. 


>s  received 
•  ianuarv  of 


;>y  t, 
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■;  out  :  c t s  iH'i'i.n rt - 

It  entailed 


Oil  December  12,  1965,  a  cost  and  price  analysis  amendment  was  submitted  as 
indicated  on  enclosure  It  IV- 2-1 

The  Advanced  Development  Model  No.  1  contract  and  specifications  were 

reviewed  and  engineering  initiated  design  changes  as  agreed  upon  by  Signal 

Corps  and  Twin  Industries.  The  changes  consisted  of: 

Solid  one-piece  skids  in  place  of  shock  type  skids  to  be 
3"  wide  x  2"  high  to  catch  ribs  of  M-37  Truck. 

Overall  height  extension  of  6". 

A  weight  increase  to  approximately  400  pounds. 

lixtrusion  material  could  be  increased  to  1/8"  thickness. 

hocking  mechanism  to  be  within  the  door  handle  itself. 

Skin  matorial  to  be  7075-T6 . 

Core  material  to  be  Ub  150. 

Hat  and  extrusion  material  6001-T6  -  7075-T6. 

Gussets  under  the  shelf,  providing  they  missed  the  wheel 

wells. 

Poor  height  increase. 

Step  and  handles  located  to  curbside  wall  and  close  to 
the  corner. 

Tests  were  conducted  to  evaluate  and  decide  what  material  woub*  best  be 
suited  for  fabrication  and  assembly,  and  also  give  the  best  all-around 
strength  requirement  needed,  (See  Inclosure  »  IV- 2- 2  -  1 V- 2-4  ) 


f 


* 


; 


'■!  1 4. 

P»y  physical  inspection  and.  evaluation,  certain  changes  appeared  to  he 
andatory,  sucli  as: 

Sandwich  panel  construction  for  additional  strength  to  better 
withstand  solar  loads  and  insert  pulls. 

Skids  be  relocated  and  widened  to  accommodate  t lie  ribs  of  the 
N-37  Truck. 

Interlock  features  were  required  in  the  roof  to  decrease 
potential  pull-away  or  drop  of  the  side  member  due  to  rough 
handling  or  testing.  The  interlock  features  would  also  tend 
to  increase  the  overall  rigidity  of  the  shelter  and  distribute 
shock  to  the  floor  and  skids. 

Gusset  reinforcement  under  the  shelf  in  the  event  of  internal 
support  failure. 

With  the  design  changes  and  previous  failures  in  mind,  and  the  material 
selected,  Twin  Industries  started  procurement,  planning  and  fabrication. 
Preliminary  design  prints  were  completed  and  released  before  the  end  of 
March,  1964.  iabrication  commenced  the  beginning  of  April, 

A  problem  encountered  during  fabrication  caused  some  concern,  but  was  solved 
with  a  minimum  amount  of  time  lost.  The  door  end  extrusions  (See  Inclosure 
»  IV- 2- 5  )  introduced  a  compression  problem.  It  was  necessary  to  adapt 

the  door  extrusion  in  such  n  way  so  ns  to  give  maximum  weather  and  I'll  seal. 

This  waa  ih.vomplished  by  designing  a  Shur-hoc  extrus..!  ’■■>!  -j,  would  give  an 
interlock  effect.  With  the  two  exposed  tips  depressing  deep  into  the  PIT 
mesh  and  silicone  rubber,  therefore  expanding  the  silicone  up  and  around  the 
extrusion,  making  it  weather-tight ,  the  problem  was  eliminated, 

Forming  7079-16  aluminum  stoci  i>.  very  difficult  due  to  constant  recurrence 
of  stretch  cracks  and  tears  because  of  the  poor  foiling,  quality  of  the  material. 
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rrin  :rv  concern  :?  ty  ~f  ti  e  , 

accordance  with  accent  r5  Iv  srpr.ut  acturlT. 

The  door  handles  and  locks  original  ly  agreed  upon  were  i  n.uiequatc  for  the 
shelter  security  and  were  not  sturdy  enough  for  the  door  locking  devices. 

(Sec  Enclosure  #  IV-2-6  ) 

The  gussets  were  eliminated  in  lieu  of  interior  supports.  It  was  Twin 
Industries’  intention  to  use  the  gussets  only  in  the  event  of  internal  failure 
of  the  structural  support  due  to  testing. 

The  handhold  located  on  the  roof  was  put  in  line  with  a  stiffener  plate  for 
added  mounting  strength. 

During  the  engineering  and  planning  stages  of  the  Advance  Procurement  Model  u 1,  |  /| 

IVin  Industries  received  an  order  for  four  (4)  additional  S-518  Shelters. 

These  were  manufactured  and  shipped,  waiving  tests.  Because  of  engineering 
changes  incorporated  during  the  manufacture  of  these  units  (#2  -  #5)  the  shelter 
weight  remained  at  415  pounds. 

Upon  completion  of  the  assembled  shelter  on  May  12,  HM>4,  the  shelter  was  for¬ 
warded  to  Bell  Acrosvstems  in  Buffalo,  Mew  York,  f<  tests  on  May  hi,  IDt.h 

The  shelter  was  scheduled  to  undergo  the  following  tests: 

a.  Moisture  Pesistnncc 

b.  Heat  Transfer 

c.  High  Temperature  Test  and  Materials 

d .  how  Temperature 
c.  Airtightness  lest 
f.  PIT  Shielding  Test 

Moisture  Resistance  -  The  shelter  was  required  to  he  capable  of  withstanding, 
relative  humidity  up  to  u'O*  for  an  indefinite  Period  of  time  and  exposure  at 
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s'c  r  ip  i  re  :  c  i  ••  r  ...egtci  .  n * ;  reuse i  f.  .  i  he  test  was  cenrui  tcu 

in  an  auxiliary  adulates  >.  x  lb'  x  J;  ’  chamber  refrigerated  by  a  700  cubic 
foot  Bowser  temperature  altitude  chamU  r.  As  the  test  rhoniicr  t-.ns  cooled 
to  -40°r  the  peer  was  increased  to  electrical  resistance  heat  source  to 
obtain  the  required  1 0  0 0  T  minimum  temperature  di  ffc  rent  ini .  ho  ;!.ysicnl 
signs  of  deterioration  were  noted. 

High  Temperature  -  The  shelter,  with  doors  closed,  shall  he  placed  in  a 
chamber  with  air  maintained  at  120° l;  to  UbT.  The  air  shall  be  recirculated 
with  a  velocity  net  exceeding  seven  miles  per  hour  m  the  vicinity  of  the 
shelter.  After  the  outside  shelter  ilui  has  :>t  il'i  li  zed  between  1 20°  1;  and 
125°r,  the  doors  and  their  hinges  and  latcl.es  shall  operate  freely,  lie  full 
solar  load  ;h;:ll  then  He  applied  to  the  roof.  II  the  end  or  side  walls  are 
constructed  of  different  ompost  1 1  ot  ,  type,  oi  densit)  of  core  material  than 
the  root,  each  different  wait  shall  also  I  c  sub'ccted  to  the  full  load  simul¬ 
taneously  with  the  root  or  in  a  separate  cycling,  ihe  solar  had  shall  le 
applied  as  rapidly  as  possible  using  at  least  twenty-eight  number  HHKfij, 
.30-volt  !  -  u  1  h  s  (as  made  oy  (1.!.,  Sylvania,  or  ocjtia  I  i  per  panel.  The  bull:; 
shall  be  arranged  in  four  roc-,  if  seven  in  lbs  c.uh,  or  more  as  requited,  and 
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Low  Temperature  -  The  closed  shelter  was  subjected  to  three  (3)  cycles  of 
low  temperatures .  The  dorrs,  latches  and  hinpes  were  to  operate  freely  when 
tested.  The  shelter  was  placed  in  t  he  700  cubic  foot  Bowser  temperature  } 

chamber.  The  test  was  conducted  with  thirty  (TO)  thermocouples  installed  on 
the  shelter  and  ten  (!*')  installed  to  measure  air  tempo rature  inside  the 

.  i/ 

shelter.  There  was  ::*•  oar-ape  in  com  matori  al  and  no  do  1  ami  na  t  i  nits  ,  hitch  line, 
or  deterioration  of  the  stimtnral  s;  rcnr.t  h  of  the  shelter  as  a  result  of  this 
test  . 

Ai  rt  i  j;htness  *  The  ■  ho  l  tor  was  ai  n  i  pl.t  to  the  extent  a  residua!  air  pressure 
of  not  loss  t’an  .>/•■!  incl  of  h.’u  remained  in  the  ‘■■belter  four  (4)  minutes 
after  initial  air  pressure  of  1*1/7  inches  of  water  !  -d  been  developed  therein, 
with  the  door  closed,  and  without  the  use  of  additional  seal  inn  devices,  ‘Iho 
shelter  was  placed  in  the  7lM>  cubic  foot  Bowser  temperature  chamber. 
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Upon  completion  of  the  test  schedule,  at  Bell  Acrosystcms ,  the  shelter  was 
returned  to  Twin  Industries  for  additional  test  requirements  which  were 
scheduled  as  follows: 

Simulated  Payload  -  Installation  of  test  weights  to  simulate  a  payload  con¬ 
dition.  The  weights  were  distributed  over  an  area  within  the  shelter  to 
equal  a  1200  pound  payload  as  indicated  on  hnclosurc  II  IV- 2- 7 

Munson  Road  Test  -  The  shelter  was  subjected  to  the  following  road  test  con¬ 
ducted  at  Twin  Industries  Test  Course.  The  shelter  mounted  on  a  truck,  3/4  ton, 
A  x  4,  Scries  M-57,  was  transported  ten  (10)  times  over  the  following  sections 
of  the  Munson  test  course  in  the  following  order  and  at  the  indicated  speeds: 


a. 

Course  Washboard 

((>"  waves  spaced  6*  apart) 

5 

mnh 

b. 

Belgian  Block 

20  mph 

c. 

Radial  Washboard 

(2"  -  4"  waves) 

ir» 

Mi’ll 

d. 

Spaced  Bumps  (4" 

-  ("  waves) 

20 

mph 

e. 

Any  Short  Sections  between  the  Above 

20 

mph 

The  tests  were  run  at  S,  10,  If  and  20  mph;  ten  (10)  laps  each  at  each  of  the 
indicated  speeds.  One  (1)  lap  is  defined  as  traversing  the  course  in  both 
u.  i  red  t  oiis . 

The  shelter  was  checked  four  (4)  times  during  the  tost.  Two  (7)  small  dc lamin¬ 
ations  developed;  one  in  the  front  wall  near  the  floor  riser  curl  side  corner 
and  ('tie  running  •''long  floor  riser  curbside  in  the  rear  panel. 

I'dlncd  l!uri|>  Test  -  The  shelter  w.  •.  loaded  in  a  manner  normally  used  for  ship* 
rent  on  a  railroad  flat  car.  The  tost  was  conducted  on  a  flat  stretch  of  track . 
A  lM>,(M>t:  pound  car  trove  I  inn  at  *»  mph  t.as  impacted.  ‘I  he  test  car  coupled  t» 
two  other  ears.  These  cam.  were  stat lunar  with  the  h rales  off,  Intir  (4) 
ir.p'vts  tore  norfutved;  two  (.*)  with  tin  -hi  It.  r  post  l  t  tougi  todiiuit  tv  !•• 

the  *  1  •  t  car  and;  two  (2)  m"  itiowtd  laterally.  The  direction  of  >fnh  impart 
was  selected  by  |  » c  t.cvcvr.rvnt .  I  1  lev?,  in-’  or  ti>d<  which  lu-,!  the  :.|*»- 1 1«* »• 

I 
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in  place  were  torn  loose  by  the  impact,  the  test  was  to  be  repented.,  The 
result  of  the  impacts  is  os  follows: 


a .  Impact  £1  -  10.3  mph  -  Front 

No  visible  damage  to  the  shelter. 

b .  Impact  #2  -  S.f  mph  -  Rear 

De lamination  of  the  inside  skin  rear  panel  between  door 
frame  and  roadside  wall  was  noted. 

c.  Impact  #3  -  9,7  mph  -  Curbside 

Two  (2)  of  the  four  14)  tiedown  assemblies  broke  during 
impact  due  to  failure  of  bolt  in  turnbucklc  assembly,  one 
of  which  cut  a  1-1/4"  tear  through  the  outside  skin  of  the 
curbside  panel.  The  weld  joint  of  the  lower  curbside  door 
frame  corner  cracked,  causing  an  approximate  .125  separation 
at  the  comer  and  buckling  of  the  outside  skin  of  the  rear 
end  panel.  Tvo  (2)  broken  spotwelds  in  the  area  of  the  lower 
door  hinge  previously  reported  as  loose,  increased  considerably. 
Small  cracks  appeared  in  welded  comer  joints, 

d.  Impact  #4  -  8.5  mph  -  Roadside 

No  further  damage  was  noted  to  the  shelter  as  a  result  of 
this  impact. 


After  careful  evaluation,  it  was  decided  that  the  damage  which  occurred 
during  the  second  and  third  railroad  impact  could  be  attributed  to 
unsatisfactory  welding  and  that  the  failure  of  the  lower  door  frame  to 
absorb  the  load  caused  considerable  damge  to  the  rear  panel. 

The  addition  of  a  reinforcement  to  strengthen  the  door  frame  was  necessary 
before  rc-tcsting  of  the  shelter.  The  fix  involved  refnstening  the 
inner  skin  with  rivets  in  the  area  Of  the  fix. 


e.  Impact  *5  -  8.5  mph  -  Pondsido 

Inspection  of  the  shelter  showed  no  further  damage  to  the  shelter 
os  a  result  of  the  test, 

f.  Impact  »6  -  7.8  mph  •»  Curbside 

This  impact  had  to  he  re-run  because  the  speed  was  considered  to 
he  too'  slow, 

g.  Impact  *7  -  8.5  mph  -  Curbside 

Inspection  of  the  shelter  showed  m.  further  damage  to  the  shelter 
as  a  result  of  the  tost. 

Sling  Drop  Test  -  The  shelter  was  suspended  approximately  1/2  inch  from  the 
ground  by  means  of  the  lifting  sling  assembly  at  its  fully  extended  height.  Hie 
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sling  assembly  and  shelter  were  dropped  in  free  fa  11  so  that  the  assembly 
strikes  the  roof  of  the  si,  iter.  The  test  was  repeated  five  (5)  times 
with  no  visible  damage  to  the  roof  of  the  shelter  other  than  sling  indenta¬ 
tions  . 


Skid  Bearing  Te^t  -  The  shelter  was  balanced  on  a  two-inch  pipe  along  the 

full  length  of  the  skid.  No  damage  was  noted  as  a  result  of  the  test.  I 

■  i 

Three-Point  Support.  -  Para.  4.3.3.S.  The  shelter  was  supported  on  three  (3) 
corners  by  6  x  6  wood  blocks.  The  doors  opened  and  closed  freely  while 
shelter  was  supported  in  position. 

i 

Flat  Drop  -  Para.  4. 3. 3,6.  The  shelter  was  raised  eighteen  (18)  inches  above 
a  concrete  pad  (measured  from  the  bottom  of  the  skid)  and  allowed  to  fall  j 

freely  with  skids  impacting  into  the  concrete.  There  was  no  damage  as  a  j 

result  of  the  test.  I 


Rotational  Drop  -  Para.  4. 3. 3. 7.  The  shelter  was  placed  on  a  hard  concrete 
pad  with  a  4  x  4  inch  member  along  one  edge  under  the  skid.  The  opposite 
edge  was  raised  to  a  height  of  eighteen  (18)  inches  (as  measured  from  the 
bottom  of  the  skid)  and  allowed  to  fall  freely  onto  the  concrete.  The  test 
was  performed  once  on  each  bottom  edge  for  a  total  of  four  (4)  drops.  There 
was  no  damage  as  a  result  of  this  test. 

Towing  -  Para,  4, 3. 3. 8,  The  shelter  was  towed  for  a  minimum  of  1400  (Vet  in 
each  direction  (front  h  rear)  on  the  skids  at  a  speed  of  five  (T>)  miles  per 
hour  over  rough  terrain.  As  a  part  of  the  towing  test,  four  (4)  right  angle 
turns  were  made;  the  turns  were  made  with  the  initial  position  of  the  longitudinal 
axis  of  tho  sliolter  perpendicular  to  ihr  truck,  and  the  towing,  eye  of  the  truck 
directly  in  line  with  the  leading,  edge  of  the  shelter.  The  pull  was  untie  on 
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one  (1)  towing  eye  of  the  shelter,  with  no  damage  to  the  shelter  ns  n 
result  of  the  test. 


Lifting  -  The  shelter  with  an  additional  2600  pounds  to  the  1200  pound  load, 
uniformally  distributed  over  the  floor,  was  suspended  by  the  four  (4)  lifting 
eyes  for  a  period  of  thirty  (30)  minutes.  There  was  no  undue  distortion  or 
damage  to  the  shelter  as  a  result  of  this  test. 

Deep  Fording  -  This  test  was  started  and  stopped  because  of  excessive  leakage 
around  the  door  gasket  due  to  our  inability  to  adjust  the  required  compressn- 
bility  between  the  rubber  and  OF  gaskets. 


At  this  point,  Twin  Industries  was  instructed  by  the  font. acting  Officer's 
Technical  Representative,  in  a  letter,  (See  Hnclosurc  ti  IV- 2- 8  )  to  stop 

tests  on  the  model  and  incorporate  a  new  door  end  panel  that  included  all 
requested  design  changes,  then  re-test  the  shelter  to  specified  tests. 

As  directed  by  the  letter  from  the  Contracting  Officer,  all  tests  were 
stopped.  The  shelter  rear  wall  was  removed.  A  new  wall  was  fabricated  and 
installed.  The  raw  edge  around  the  inner  door  frame  was  riveted.  This 
course  of  action  was  taken  in  order  to  eliminate  delnmination  initiated  in 
t hat  area,  hut  section  structurals  were  added  between  she  1 f  and  door. 
Doublor  plate  was  added  on  hinge  side  of  the  door. 

After  assembly  of  the  wall  section,  tho  completed  shelter  was  rc-schodulod 
for  re-tost  in  the  order  submitted  by  tho  Signal  Corps  Agency  ns  indicated 
on  bnclosure  »  IV-2-8  .  Two  (2)  dclnminntions  existed  inside  the  shelter 

before  resuming  the  tests,  but  did  not  enlarge  during  the  test. 


Water  Tightness  Tost 
from  nozzles  (Model 


-  The  surface  of  the  shelter  was  snrnyed  wi 


manufactured  by  Spraying  System;  Co., 


th  water 
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Illinois)  or  equal.  The  nozzles  operated  at  forty  (40)  pounds  per  square 
inch.  Dynamic  pressure  measured  adjacent  to  the  nozzles,  were  approximately 
nineteen  inches  (19")  from  the  shelter,  and  pointed  directly  at  the  shelter 
panel  under  test,  and  located  in  a  pattern  to  provide  uniform  coverage  of 
the  panel  under  test.  Nine  (9)  nozzles  were  used  for  each  end  pane]  and  for 
each  side  or  roof  panel.  Ml  five  (5)  exposed  panels  were  tested  for 
forty  (40)  minutes  each.  More  than  one  panel  may  be  tested  at  a  time  if  so 
desired,  and  Twin  Industries  took  advantage  of  this  exception  and  tested  all 
panels  at  one  time.  No  additional  caulking,  taping,  etc.  was  used  during 
this  test.  The  shelter  was  dry  and  indicated  no  evidence  of  leakage  as  a 
result  of  this  test. 

Deep  fording  -  The  shelter,  secured  by  its  tiedowns  to  a  suitable  platform 
serving  as  the  sinking  device,  was  submerged  foi  a  period  of  one  (1)  hour 
in  water  to  a  depth  of  thirty  (30)  inches  above  the  bottom  of  the  skids.  No 
special  fording  kits,  or  additional  caulking,  taping,  etc.  was  used  in  tin* 
performance  of  the  test.  The  shelter  was  dry  and  indicated  no  evidence  of 
leakage  as  a  result  of  the  test. 

Vehicular  Transport  -  The  shelter  was  mounted  on  a  3/4  ton  4x4  Id-37  Truck 
and  was  transported  over  a  350  foot  approved  obstacle  course.  The  tests 
were  run  at  5  mph,  10  mph,  15  mph  and  20  mph.  Ten  (10)  laps  wore  completed 
at  each  separate  spood,  (One  lap  is  defined  ns  traversing  the  course  in 
both  directions),  The  shelter  showed  no  evidence  of  damage  as  a  result  of 
this  test. 

bail  road  Transport  -  The  conditions  of  the  re-tost  were  identical  to  the 

previous.  The  following  is  tilt*  results; 

) 

Impact  *1  -  poor  l-tul  -jo.37  mph  ■ 

Tito  upper  enclosure  m/.lcs  wrinkled  just  forward  of  the  castir),>s 


both  road  and  curb  sides.  This  was  believed  to  be  due  to  the 
shortening  of  the  lifting  eye  castings  which  have  been  lengthened 
since  the  test. 

Buckled  outside  skin  slightly  in  the  area  between  legs  of  the  hat 
section  running  along  shelf  area,  on  the  door  end  panel  running 
both  sides  of  the  door. 

Outside  skin  broke  loose  at  edge  of  door  jam  approximately  2,0 
due  to  two  (2)  rivets  missing  in  this  area. 

Impact  H2  -  Curbside  -  11,16  mph 

Engineer  failed  to  stop  locomotive  in  time,  whereby  engine  and 
loaded  gondola  car  impacted  test  cor  with  shelter  aboard  at 
11,16  mph.  The  total  impact  weight  was  405,300  pounds. 

Inside  skin  along  door  jam  broke  loose  in  a  small  area.  There 
was  no  further  damage  as  a  result  of  Impact  #2. 

Impact  #3  -  Roadside  -  8.63  mph 

There  was  no  further  damage  as  a  result  of  Impact  #3, 

Flat  Drop  Test  -  The  same  conditions  and  requirements  were  met  as  in  the 
previous  fiat  drop  test.  The  shelter  showed  no  evidence  of  damage  as  a 
result  of  the  test, 

Rotational  Prop  -  The  same  conditions  and  requirements  were  met  ns  in  the 
previous  rotational  drop  test.  The  shelter  showed  no  evidence  of  damage  os 
a  result  of  the  test,  • 

Water  Tightness  Test  -  The  shelter  was  placed  in  the  rain  chamber  for  a 
period  of  sixty  (60)  minutes  as  in  the  first  previous  test.  At  the  completion 
of  the  test,  approximately  two  (2)  ounces  of  water  was  notod  on  the  floor  of 
the  shelter  near  the  door  opening.  The  remaining  surface  of  the  shelter 
remained  dry  throughout  tk-'  test. 

Poop  Fording  lest  -  The  s  .alter  was  ren  med  to  the  deep  fording  tank  for 
sixty  (60)  minutes  as  in  the  first  pro\  ous  tost.  At  the  completion  of  this 
test,  the  inside  of  the  shelter  remained  dry, 

« 
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Shielding  -  The  shelter  was  to  be  designed  to  provide  an  attenuation  of 
at  least  60db  to  electric  and  magnetic  fields  and  to  plane  waves  in  the 
frequency  range  from  0.15  to  10,000  MC  with  the  doors  closed. 


The  shelter  initially  failed  the  RFI  tests  because  silicone  rubber  adhesive 
was  discovered  between  the  monel  mesh  and  the  aluminum  extrusion;  therefore, 
insulating  the  required  conductive  contact  for  proper  RFI.  In  the  final 
tests,  the  gasket  was  removed  and  the  adhesive  cleaned  out.  Steel  wool 
(which  cannot  be  used  as  a  gasket)  was  used  only  to  demonstrate  that  if  a 
satisfactory  RFI  gasket  material  and  applications  had  been  applied,  the 
shelter  probably  would  have  passed  the  test. 

The  Advanced  Development  Model  #1,  after  repairs  and  retesting,  weighed 
442  pounds.  This  increase  can  be  attributed  to  the  replacement  of  the  new 
door  end  panel.  Additional  adhesive  and  sealer  was  used  in  manufacturing 
and  assembly  of  the  wall. 

With  the  test  completion  and  final  acceptance  of  the  S-318  Shelter,  prepara¬ 
tions  were  made  for  shipment  in  accordance  with  an  acceptable  mode  of  trans¬ 
portation. 


Engineering  proceeded  to  up-date  for  final  release,  the  drawing  affected  by 
changes  resulting  from  testing  and  re-testing.  The  new  changes  which  resulted 
from  failure  through  testing  wore  incorporated  into  the  new  door  end  panel. 


To  strcngtlen  load  bearing  capacity  of  the  main  door,  a  back-up  strip  of 
aluminum  was  incorporated  behind  the  hinge. 

A  hat  section  structural  was  added  to  the  door  end  wall  between  the  door 
frame  and  outer  walls,  thus  decreasing  shifting  moment  of  the  shelf  portion 
of  the  shelter. 


is 
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The  door  handles  were  changed  to  a  heavier  type  handle  which  incorporates 
an  outer  lock  with  an  emergency  release  hasp  operable  from  the  inside  of 
t lie  shelter.  The  hasp  was  used  on  the  auxiliary  door  only.  There  was  no 
requirement  for  a  hasp  on  the  main  door  because,  in  the  event  the  shelter 
was  loaded  aboard  a  truck  with  the  tailgate  up,  the  door  even  though 
unlocked,  could  not  be  opened.  The  use  of  an  outside  heavy  duty  lock  was 
intended  to  discourage  breaking  and  entering  of  the  shelter  by  picking  the 
lock  which  previously  had  been  incorporated  in  the  door  handle.  ^ 

The  exposed  edge  of  the  inner  skin  around  the  periphery  of  the  door  was 
riveted  to  insure  decrease  of  de laminations  caused  by  rough  handling. 

With  the  incorporation  of  all  engineering  changes  in  design,  a  complete  set 
of  reproducible  drawings  were  reviewed,  checked  and  re-submitted  to 
Twin  Industries  for  incorporation  of  changes  to  the  originals.  The  drawings 
were  revised  in  accordance  to  the  marked  prints  and  rc-submitted  to 
Signal  Corps  Agency  ns  final. 

In  September,  1964,  the  completed  shelter  was  shipped  to  Clifton,  New  Jersey 
for  further  development  with  equipment  installation. 


£ WCL  JS. :2  -/ 


December  12,  1963 


U.  S.  Army  Materiel  Supply  Agency 
Fort  Monmouth  Procurement  Office 
Fort  Monmouth,  New  Jersey 

Attention:  Mr,  Frank  Cavaliere,  Contract  Specialist 

SELMA/FMB  lb2R 

Subject:  Order  I0012Q-PM-62~91 

Contract  DA“36-039-SC«90814 

Reference:  Amendment  to  Rem  #4 

Gentlemen: 

In  conjunction  with  meetings  and  discussions  held  at  your  facility 
with  our  Mr,  Daiber,  we  wish  to  -submit  our  cost  and  price  analysis  supplying 
an  Advanced  Engineering  Model  per  SCL-4366B  and  Is  restricted  to  Item  #4 
only.  All  other  items  of  this  contract  remain  as  Is. 


$  858.85 

1,226.16 
904.02 


2,931.00 

1,758.90 

125.00 

35.00 
33.70 
42.00 
500.00 
$  8,417.20 

378. 73 

$  8,796.07 


Labor: 

Fabrication 

Inspection 

420  hr  s,^ 
25hrs.) 

@$1.93 

•  . 

$  810.60 
48.25 

Overhead 

Material 

JMnsscto 

Design 

Drafting 

360  hrs.L 
480  bra.} 

@$3.49 

*  1,266.40 
1.675.20 

Overhead 

Material 

@  60% 

ffrippta?  SOMiattML 

Zssl  LiaMaaaacfl 

Toolto- 

Subtotal 

G&A 

@4.5% 

TOIAkfiga 


I 


Decomber  12,  1063 


l:NCL-  JJZ  2.  -/ 


U.  -S.  Army  Materiel  Supply 


•2- 


Total  Cost 

Profit 

Testing  Cost 


@  10% 


%  8,796.07 
879.  C>1 
$  9, 67b.  68 
17.522.29 


TOTAL  SELIM 


S27. 197.97 


It  must  be  noted  that  above  testing  cost  has  been  reduced  by  $4, 300 
from  previous  verbal  quote  due  to  the  receipt  of  a  firm  quote  for  the  Munson  Road 
Test  from  Aberdeen  Proving  Grom  ids. 

As  also  discussed,  g&ease  find  an  alternate  proposal  offering  a  oimulated 
Munson  Road  Test  as  available  at  our  ffacility  for  a  nominal  amount.  This 
alternate  proposal  further  decreases  the  cost  to  the  Government  of  an  additional 
$3,  (XX).  00  in  the  high  and  low  temperature  tests. 

•  Where  originally  it  was  our  intention  to  perform  the  Solar  Load  Test 
In  six  (6)  cycles  and  Low  Temperature  Tests  to  Mil  Std  169  in  three  (3)  cycles 
(steps  5  through  10),  we  are  now  going  to  perform  the  Solar  Load  Test  in  three 
(3)  cycles  and  Tow  Temperature  Tests  as  stated  above. 

i 

Total  dollar  value  oi  our  alternate  proposal  would  be  as  follows; 

Selling  Price  Less  Testing  $  9, 675, 68 

Alternate  Testing  Cost  13.311.22 

$22.986.90,. 

If  our  alternate  proposal  is  acceptable  and  Twin  Industries  is  to  per* 
form  the  Munson  Road  Test  at  this  facility,  a  Government  Furnish  Truck  is 
required. 


Thank  you  for  your  patience  in  this  matter. 

Very  truly  yours, 

(jixuy  Q-Jh-Q**' 

Peter  A.  LaCesa 
Contracts  Manager 
SPECIAL  PRODUCTS  DIVISION 

PAL/mar 

CS-12-25-03 

I 

bcc:  Messrs.  E.  M.  Daibor^  ,  E.  Summers 

J.  L.  Hesburgh  (Mrs!)  M,  Scalise 

John  .1.  Lee 

j  1 
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HEADQUARTERS  ^ 

UNITED  STATES  ARMY  ELECTRONICS  COMMAND 

UNITED  STATES  ARMY  ELECTRONICS  LABORATORIES 
FORT  MONMOUTH,  NEW  JERSEY  07703 


£  .  Qu**Ju* 


fN  REPLY  REFER  TO: 

amsel.ro  -GDO 

5635  12  977  06 


8  -  JUL1964 


The  Wheelafcrator  Corporation 
P.  0.  Bax  68 
Sayre,  Pennsylvania 

Attention:  Mr*  XaCesa,  Contracts  Manager 
Gentlemen; 


RECEIVED 
JUL  -  9  1964 


P*  A.  LaCESA 

tfFTMCt 

IFttUl  MOMCTI  tHnllCR 


These  laboratories  have  reviewed  the  progress  of  the  acceptance  tests  of 
Shelter,  Electrical  Equipment  S— 318  (  )/G  being  developed  by  your  company  under 
Contract  IA36-039  SC-90832;. 

It  is  the  opinion  of  these  laboratories  that  the  shelter  does  not  meet  the  7 
requirements  of  Specification  SCL-U366B  in  that: 

a.  During  the  vehicular  transport  test  the  inner  skin  of  the  door-end 
panel  delaminated  above  the  shelf  on  the  curbside* 

b.  During  the  railroad  transport  test  the  velds  at  the  top  and  bottom 
of  both  vail  members  adjacent  to  the  door  cracked,  and  the  lower  end  of  the  curb- 
side  member  vas  considerably  displaced  from  its  original  location. 

The  fix  which  vas  subsequently  made  to  the  damaged  vail  members  appeared  to 
have  corrected  the  meohanloel  deficiency*  However,  the  patched  shelter  no  laager 
meets  the  specification  requirements  in  that  rivets  wars  employed  to  refasten  the 
inner  skin  in  the  vicinity  of  the  fix*  Therefore  in  view  of  the  fleet  that  the 
veil  members  adjacent  to  the  door  could  not  be  properly  welded  and  since  ve  have 
no  assurance  that  the  bonded  but  unriveted  panel  would  pass  the  tests*  ve  must 
ask  that  the  shelter  be  retested  in  its  final  design  state* 


Tou  ere  therefore  instructed  to: 


a*  Step  tests  on  the  model  submitted*  mmam 

b.  Provide  e  shelter  with  a  door-end  panolRRCaRla&SlPchangss 
which  are  planned  to  be  part  of  the  final  design  of  the^ejmlt^^^ludix^ 


fNC£.2s:a-8 


8  -  JUL 19S4 


AKSEWffl-GDO 
5635  12  977  06 
Contract  DA.36-039  SC-908H; 

weight  reduction  items*  In  so  doing  you  are  authorized  to  employ  mechanical 
fasteners  on  the  inner  skin  raw  edges  of  the  doors  only* 

c*  Conduct  the  following  tests  on  the  shelter  in  the  order  given: 

sfl)  Watertightness  (paragraph  1;*3*2.2) 

,J$.)  Deep  Fording  (paragraph  1;*3*3*10) 

J&)  Vehicular  Transport  (paragraph  U. 3*3*1) 

Eailroad  Transport  (paragraph  U.3*3*2) 

Flat  Drop  (paragraph  U.3.3.6) 

JtS)  Rotational  Drops  (paragraph  U.3*3*7) 

Jst)  Watertightness  (paragraph  1;*3.2.2) 

Deep  Fording  (paragraph  U*3*3*10) 
f(9)  Shielding  Effectiveness  (paragraph  l;*3.6) 

Finally,  you  are  requested  to  Inform  the  Contracting  Officer  as  to  the  esti¬ 
mated  completion  date  of  the  above  and  to  keep  these  Laboratories  informed  as  to 
the  progress  of  the  a  bove  and  as  to  the  scheduling  of  the  above  tests* 

This  letter  shall  not  be  construed  as  authorising  a  change  in  contract  price, 
quantity,  quality,  or  delivery  sohedule* 

Very  truly  yours, 

CHARLES  A.  ZEIAITES 
Contracting  Officer's 
Technical  Representative 


V. 


CONCLUSIONS 


The  advent  of  the  S-318  Shelter  was  well  received  as  a  challenge  with  no 
immediate  area  of  serious  problems. 

The  intent  of  the  engineers  responsible  for  development  was  mainly  two-fold: 

Weight  -  To  be  compact  in  size  and  weigh  as  little  as  design 
would  allow. 

Strength  -  Dependent  upon  weight  to  supply  as  much  strength  in 
the  critical  usable  area  as  design  would  allow. 

The  skids  proved  to  be  a  major  problem  and  investigation  of  material  and 
shock  function  design  was  laborious.  Using  circular  elastomers  designed 
for  special  shock  loading  made  height  requirement  more  than  the  requirement 
would  allow.  During  actual  test,  evidence  of  bottoming  and  jamming  of  skid 
encasement  posed  additional  problems  before  attempting  a  production  run. 

The  recommendation  to  remain  with  a  solid  type  skid  proved  to  be  an  immediate 
answer  to  additional  design  tine  that  would  be  required  for  extensive  investi¬ 
gation  of  shock  skids. 

The  initial  weight  requirement  was  300  pounds,  hut  was  progressively  increased 
to  430  pounds.  Throughout  the  manufacture  and  assembly  of  the  component  parts 
of  tho  shelter,  material  weight  nccumnulntion  was  next  to  impossible  to  control. 
Adhesive,  scaler  and  paint  applications  were  proven  to  be  the  most  difficult  to 
control.  Added  splices  and  back-up  strips  necessary  for  the  strength  require¬ 
ment  also  added  to  tho  overall  weight.  The  final  S-318  Shelter  doos  not  exceed 
415  pounds,  as  previously  stated.  Additional  structures  and/or  modifications 
can  be  incorporated  without  appreciable  weight  increase  over  the  430  pound 
requirement. 


With  the  manufacture  and  assembly  of  five  (5)  S-318  Shelters,  Twin  Industries' 
knowledge  of  fabrication  and  assembly  increased.  Each  shelter  reflected 
excellent  workmanship  and  conformance  to  acceptable  manufacturing  procedures. 

Wall  members  offered  adequate  support,  but  spot  welding  was  not  acceptable 
and  proof  of  this  was  established  during  railroad  tests.  Through  testing  of 
various  materials  and  spots,  more  shear  and  tensile  loads  were  established. 

In  order  to  maintain  this  desired  effect,  rigid  inspection  was  imposed  on 
the  line  to  insure  that  spot  welders  maintained  their  equipment  and  standard 
for  better  spot  control. 

RFI  applications  were  carefully  analyzed  and  production  procedures  established 
to  insure  excellent  shielding  be  guaranteed.  RFI  shielding  of  shelters  had 
reached  a  point  where  it  became  imparative  to  control  the  amount  of  leakage 
into  and  out  of  an  enclosure.  Many  new  and  vnluod  tips  on  effective  shielding 
was  established  after  the  initial  tests.  Itemized  procedures  have,  and  still 
are,  being  investigated  to  instruct  and  control  applications  of  shielding  on 
a  production  basis. 

Material  selection  became  troublesome  due  to  the  fact  that  almost  ovary  specimen 
tested  resulted  in  either  greater  shear  or  tensile,  but  never  both  nt  the  same 
time,  ihese  variations  hnmpored  designnbility.  Conformity  and  interchange¬ 
ability  to  tho  extent  of  covering  all  critically  loaded  areas  properly  with  ono 
type  of  material,  was  the  foremost  thought  throughout  production. 


VI. 


IDENTIFICATION  OF  PERSONNEL 


Personnel  associated  with  the  Thinwall  Lightweight  Shelter  Project 
currently  identified  as  the  S-318Q/G  Field  and  Mobile  Shelter: 


William  E.  Ciccnreili  -  Chief  Engineer 
Twin  Industries  Corp.  at  Buffalo,  N,  Y, 
February  196.  -  June  1962 


Robert  F.  Geiger  -  Director  of  Engineering 
Twin  Industries  Corp.  at  Buffalo,  N.  Y. 
June  1962  -  June  1963 


Donald  J.  Cline  -  Chief  Engineer 
Twin  Industries  Corp.  at  Buffalo,  N.  Y. 
June  1962  -  November  1962 


Frank  Lakowitz  -  Project  Engineer 
Twin  Industries  Corp.  at  Buffalo,  N,  Y, 
August  1962  -  June  1963 


Michael  E.  Paiber  ••  Engineering  Manager 
Twin  Industries  Corp.,  Special 
Products  Division,  Sayre,  Penna. 

June  1963  -  January  1964 


James  Woodend  -  Engineering  Manager 
Twin  Industries  Corp.,  Special 
Products  Division,  Sayre,  Penna. 
January  1964  -  Present 


Edmund  P.  Moore  -  Engineor 
Twin  Industries  Corn.,  Special 
Products  Division,  Sayre,  Penna. 
January  1964  -  Present 


Benjamin  Margerum  -  Engineer 
Twin  Industries  Corn,,  Special 
Products  Division,  Sayre,  Penna. 
January  1964  -  May  1964 


VII. 


OVERALL  CONCLUSIONS 


Engineering,  upon  receipt  of  the  initial  order,  carefully  investigated  all 
areas  surrounding  the  design,  selection  of  material  and  fabrication.  Due  to 
this  shelter  being  the  first  of  its  kind  and  as  an  eventual  replacement  for 
the  S- 153  and  S-144  Shelters,  it  was  the  intent  of  the  Engineering  Department 
to  produce  a  design  which  would  be  capable  of  meeting  all  standards  and  tests 
required  of  this  new  design. 

The  problems  that  resulted  from  one  point  of  work  to  another  were  dealt  with 
to  achieve  the  best  possible  solution,  from  a  labor  standpoint  as  well  ns 
time  standpoint.  Constant  supervision  of  the  Engineering  Department  enabled 
other  departments  to  coordinate  more  freely  to  accomplish  the  required  results. 
The  only  lost  part  of  the  first  shelter  was  witnessing  the  final  test  results. 

I3y  the  time  the  contract  was  transferred  to  Sayre,  the  knowledge  gained  from 
the  first  Development  Model  was  of  great  value.  The  questionable  areas  result¬ 
ing  from  the  tests  of  the  first  shelter  were  revised  extensively  to  meet  the 
rigid  test  requirements  set  forth. 

Through  close  coordination  with  Engineering,  Quality  Control  became  more  in¬ 
volved  regarding  the  tests  and  nccoptance.  After  witnessing  the  tests  nnd 
thoir  results.  Engineering  then  became  more  familiar  with  specific  problem 
areas  such  a£  the  door  end  failure  nnd  RFI  application  nnd  were  able  to  satis¬ 
factorily  re-design  end  eliminate  future  failure  of  these  areas. 

Quality  Control,  through  the  initial  manufacturing  and  assembly  of  the  first 
$-318,  established  a  great  deal  of  information  that  would  reflect  on  all  future 
units.  Although  Quality  Control  was  not  represented  for  the  tests  of  the  S-318 


they  did  maintain  a  high  standard  of  quality  on  all  parts  manufactured,  fabri¬ 
cated,  purchased  and  assembled. 

When  Quality  Control  assumed  responsibility  for  testing  of  the  shelter,  no 
details  or  effort  was  spared  to  insure  the  shelter  would  meet  the  design  re¬ 
quirements.  All  test  data  was,  and  still  is,  being  evaluated  for  additional 
improvement  to  the  shelter  for  future  procurements. 

With  the  completion  of  the  contract  evaluations  on  tests,  manufacturing  proced¬ 
ures,  coordination  between  service  departments  and  Quality  Control  were  analyzed 
and  revised  to  include  more  flexibility  and  smoother  activity  flow. 

It  is  evident  with  the  accomplishment  of  the  S-318  Shelter  design  and  revised 
company  procedures,  the  capabilities  of  Twin  Industries  as  a  shelter  manufacturer 


are  second  to  none. 


VIII. 


RECOMMENDATIONS 


The  unstable  properties  of  7075-T6  aluminum  sheets  are  erratic  and  difficult 
to  work  due  to  the  thin  gage  of  the  material.  Spot  welding  must  be  closely 
supervised  in  order  to  control  for  bum,  adhesion,  nugget  areas,  and  the 
walking  of  material  as  welding  progresses.  Going  to  a  slightly  larger  spot 
granted  an  additional  40  psi  which  can  be  appreciated  in  this  type  of  structure. 
Closer  inspection  of  the  welding  of  the  door  frame,  jam,  floor  and  shelf 
framework,  to  insure  proper  penetration  of  all  welds,  leaving  wold  bead  on  * 
the  part,  where  possible,  rather  than  grinding,  would  add  a  small  amount  to 
the  total  weight  of  the  shelter,  but  the  end  result  would  be  an  increase  in 
strength. 

Because  of  the  design  and  shape  of  the  door  and  jam  extrusions ,  silicone 
bronze  or  some  other  agent  should  be  used  to  dissipate  intense  heat  during 
welding  to  reduce  crcepage  and  warpage  of  the  frames. 

Material  7075-T6  forming  qualities  are  not  ideal.  Forming,  on  this  material  is 
difficult  and  extreme  caution  and  care  is  recommended  to  avoid  stretch  cracks 
and  tears  due  to  poor  elongation  and  forming  qualities,  Rigid  inspection  is 
important  in  order  to  maintain  a  high  degree  of  quality. 

Application  procedures  and  Quality  Control  standards  should  be  initiated  prior 
to  fabrication  regarding  proper  shielding  methods,  When  using  VX  senm  caulking 
compound,  which  is  applied  by  a  spatula,  consistency  is  hard  to  maintain. 

VY  caulking  compound  is  equivalent  to  VX,  but  has  the  cnpnbi li tics  of  being 
appliod  through  a  tube  by  hand  or  air  pressure,  thus  tending  to  give  density 
consistency  for  bettor  shielding  properties.  Application  procedures  should 


include  correct  application  of  PFI  duo-gasketing.  The  gasket  should  be  previ¬ 
ously  coated  with  an  adhesive  rather  than  applying  adhesive  at  installation. 

By  doing  this,  it  would  not  be  so  easy  to  run  adhesive  onto  the  mesh  part  of 
the  gasket,  therefore,  breaking  continuity,  between  surfaces. 

A  more  flexible  specification  should  be  initiated  to  elaborate  on  the  different 
frequency  spectrums  involved  in  testing.  MIL-STD-285  is  the  only  suitable 
applicable  specification  available,  but  its  primary  use  is  for  screening  room 
in  which  there  is  a  decisive  difference  in  materials  and  their  shielding  proper¬ 
ties  as  compared  to  a  shelter. 

Incorporation  of  a  more  suitable  gasket  mesh  for  shielding  is  desirable.  Monel 
is  fine  in  a  medium  frequency  range,  but  would  not  be  able  to  pass  a  .14KC  or 
1KMC  requirement  without  extensive  alteration  to  the  shelter.  Tin  is  very  fine 
but  does  not  have  the  corrosion  resistane  qualities  of  monel. 

Resistance  seam  welding  is  recommended  on  attachment  of  outside  skin  edges  to 
the  extrusions.  This  would  reduce  minute  cracks  which  ore  areaway  for  frequen¬ 
cies  to  escape  into  or  out  of. 

Lifting  casting  length  increase  which  would  add  another  structural  pick-up 
point  would  increase  the  overall  strength  of  the  shelter. 

With  the  revision  of  core  material,  it  is  recojrmenled  that  1ID300  series  from 
Dow  Chemical  be  used  in  place  of  Zerocell.  This  newly  developed  core  material 
has  a  2  to  S  pound  density;  average  of  3. 3. pound  density.  It  can  maintain  a 
minimum  of  200  psi. 

To  insure  proper  squareness  and  flatness,  bonded  pnnels  roquirc  that: 

1,  Skins  must  bo  flat;  donts,  wrinkles,  bulges  and  oil  cans 
must  not  be  tolorntod. 
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2.  Internal  details,  such  as  foam  core  structural  members  and 
insulating  strips,  must  be  of  matching  uniform  thickness, 

3.  Foam  core  must  fill  their  respective  areas  completely. 

If  not,  adhesive  will,  thus  increasing  the  overall  weight, 

4.  Adhesive  must  be  applied  only  to  the  bonding  areas  in 
uniform  film  of  even  thickness, 

5.  Flat,  rigid  overlay  plates  must  be  used  when  bonding,  in 
order  to  cover  the  entire  surface  which  is  being  bonded. 
Step  structures,  such  as  the  shelf  and  floor  assembly, 
require  a  rigid  and  accurate  form  to  nest  outer  skins. 

6.  Braces  should  be  used  when  framing  door,  windows,  access 

panel,  and  openings.  - 

7.  Bonding  pressure  must  be  applied  evenly  over  the  entire 
area  of  overlay  plates. 


Metalizing  through  flame  spray  may  be  an  answer  to  increased  PFI  control. 
Shielding  effectiveness,  as  well  as  weight,  application  methods,  and  cost 
estimates,  are  currently  under  investigation. 


A  more  suitable  method  of  bonding  the  foam  into  the  horizontal  hat  sections 
in  the  door  and  front  end  panels  is  also  under  investigation. 


